Introduction
============

Pancreatic cancer develops from cancerous cells in the tissues of the pancreas, a gland organ that lies inferior to the stomach. It is one of the most lethal cancers. According to the American Cancer Society, pancreatic cancer is expected to cause 48,960 new cases and 40,560 deaths in the United States in 2015 alone ([@b1-ijo-49-06-2265]). Only 20% of patients live for more than a year after diagnosis and fewer than 6% survive past five years ([@b2-ijo-49-06-2265]). Recent evidence suggests the existence of a small population of tumorigenic stem cells responsible for tumor initiation, resistance to chemotherapy and radiation, and metastasis. These cancer stem cells have the ability to self-renew, driving tumorigenicity, recurrence, and metastasis. They also have the capacity to differentiate aberrantly which gives rise to a heterogeneous subpopulation of cancer cells that constitute the bulk of the tumor. Surface markers cluster of differentiation 24 (CD24) and cluster of differentiation 44 (CD44), along with aldehyde dehydrogenase (ALDH1), a detoxifying enzyme responsible for the oxidation of intracellular aldehydes, have been identified as markers of stem cells of pancreatic adenocarcinomas ([@b3-ijo-49-06-2265],[@b4-ijo-49-06-2265]). The role of signal transducers and activators of transcription 3 (STAT3) in pancreatic cancer stem cells, however, is still unknown. Hence, it is important to identify the regulatory mechanisms and signaling pathways involved in pancreatic cancer stem cells and develop novel agents to target pancreatic cancer stem cell populations.

The signal transducers and activators of transcription (STAT) protein family represents a group of transcription factors that play a role in relaying extracellular signals initiated by cytokines and growth factors from the cytoplasm to the nucleus ([@b5-ijo-49-06-2265]--[@b7-ijo-49-06-2265]). In response to extracellular signals, phosphorylated STAT proteins dimerize and translocate to the nucleus where they regulate the expression of numerous critical genes involved in cell cycle progression, proliferation, invasion, and survival. STAT3 activation is dependent upon the phosphorylation of a conserved tyrosine residue (Y705) which promotes the dimerization of STAT3 monomers via their Src-homology 2 (SH2) domains ([@b8-ijo-49-06-2265],[@b9-ijo-49-06-2265]). The constitutive activation of STAT3 is frequently detected in primary human cancer cells including pancreatic cancer cells ([@b10-ijo-49-06-2265]--[@b12-ijo-49-06-2265]). Blockade of STAT3 signaling has been shown to effectively inhibit cell growth and induce apoptosis of pancreatic cancer cells in both *in vitro* ([@b13-ijo-49-06-2265]) and *in vivo* studies ([@b14-ijo-49-06-2265],[@b15-ijo-49-06-2265]). Although the role of STAT3 signaling in stem cell-like pancreatic cancer cells is unknown, this pathway may represent an attractive therapeutic target. Thus, it is important to determine the role of STAT3 activation in pancreatic stem cell-like cancer cells. We demonstrate for the first time that the ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells express higher levels of phosphorylated STAT3 (tyrosine 705) (P-STAT3, Y705) than subpopulations that do not express these markers. In addition, novel STAT3 inhibitors, LLL12, FLLL32, and Sttatic, inhibited STAT3 phosphorylation, cell viability, tumorsphere formation, and reduced STAT3 downstream target gene expression in ALDH^+^ and CD44^+^/CD24^+^ subpopulations. This report indicates that constitutively activated STAT3 has an important role in pancreatic stem cell-like cancer cell function and thus may serve as an attractive therapeutic target for pancreatic cancer.

Materials and methods
=====================

Pancreatic cancer cell lines
----------------------------

Human pancreatic cancer cell lines (Panc-1, BxPC3, and HPAC) were purchased from the American Type Culture Collection and maintained in Dulbecco\'s modified Eagle\'s medium supplemented with 10% FBS, 4.5 g/l L-glutamine, sodium pyruvate, and 1% penicillin/streptomycin. All cell lines were stored in a humidified 37°C incubator with 5% CO~2~. Cancer stem-like cells were grown in a serum-free mammary epithelial basal medium (MEBM) (Clonetics Division of Cambrex BioScience) supplemented with B27 (Invitrogen), 20 ng/ml EGF (BD Biosciences), 4 μg/ml gentamycin, 1 ng/ml hydrocortisone, 5 μg/ml insulin and 100 μM β-mercaptoethanol (Sigma-Aldrich).

STAT3 inhibitors, LLL12, FLLL32 and Stattic
-------------------------------------------

Small molecules, LLL12 ([@b16-ijo-49-06-2265]) and FLLL32 ([@b17-ijo-49-06-2265]) that selectively target STAT3, were synthesized by Dr Pui-Kai Li\'s laboratory at the Ohio State University College of Pharmacy. Stattic, a previously reported STAT3 inhibitor ([@b18-ijo-49-06-2265]), was purchased from Calbiochem (San Diego, CA, USA).

MTT cell viability assay
------------------------

Pancreatic cancer stem-like cells (3,000/well in 96-well plates) were incubated with desired concentrations of compounds in triplicate at 37°C for 72 h. 3-(4,5-Dimethylthiazolyl)-2,5-diphenyltetrazolium bromide (MTT) viability assays were done and the absorbance was read at 595 nm.

Isolation of cancer stem cells
------------------------------

The AldeFluor kit (StemCell Technologies, Durham, NC, USA) was used to isolate the population of cells with high ALDH enzymatic activity as previously described ([@b19-ijo-49-06-2265]--[@b21-ijo-49-06-2265]). Briefly, cells were trypsinized to single cells using 0.05% trypsin and subsequently suspended in AldeFluor assay buffer containing ALDH substrate (BAAA, 1 μmol/l per 1×10^6^ cells) and then incubated for 40 min at 37°C. For each sample, an aliquot of cells was stained under identical conditions with 15 mmol/l diethylaminobenzaldehyde (DEAB), a specific ALDH inhibitor, as a negative control. In all experiments, the AldeFluor-stained cells treated with DEAB served as ALDH-negative controls. Anti-human PE-CD24 and PE/Cy5-CD44 antibodies (BioLegend) were used for CD44/CD24 identification. ALDH^+^ and CD44^+^/CD24^+^ subpopulations were separated from Panc-1, BxPC3, and HPAC pancreatic cancer cells by a FACS Wantage SE (Becton-Dickinson, Palo Alto, CA, USA) flow cytometer. After sorting, ALDH^+^ and CD44^+^/CD24^+^ cells were cultured in serum-free stem cell medium (MEBM) to maintain cancer stem cell characteristics. ALDH^−^ and CD44^−^/CD24^−^ cells were cultured in regular medium and replaced with stem cell medium for three days before harvesting.

Western blot analysis
---------------------

After treatment with LLL12 (5 μM), FLLL32 (5 μM), Stattic (20 μM) or DMSO for 24 h, ALDH^+^ and CD44^+^/CD24^+^ Panc-1 and HPAC pancreatic cancer cells were lysed in cold RIPA lysis buffer containing protease inhibitors and subjected to SDS-PAGE. Proteins were transferred on to PVDF membrane and probed with antibodies (Cell Signaling Technology). Membranes were probed with a 1:1,000 dilution of antibodies (Cell Signaling Technology) against phospho-specific STAT3 (tyrosine 705), phospho-independent STAT3, phospho-specific ERK1/2 (threonine 202/tyrosine 204), and GAPDH. Membranes were analyzed using enhanced chemiluminescence Plus reagents and scanned with the Storm Scanner (Amersham Pharmacia Biotech Inc., Piscataway, NJ, USA).

Reverse transcriptase-polymerase chain reaction (RT-PCR)
--------------------------------------------------------

ALDH^+^ and CD44^+^/CD24^+^ subpopulations of Panc-1 and HPAC pancreatic cancer cells were treated with LLL12 (5 μM), FLLL32 (5 μM), or DMSO for 24 h. RNA was then collected using RNeasy kits (Qiagen, Valencia, CA, USA). PCR amplification was done under the following conditions: 5 min at 94°C followed by 25 cycles of 30 sec at 94°C, 30 sec at 55°C, and 30 sec at 72°C with a final extension of 5 min at 72°C. Primer sequences and source information of STAT3 downstream target genes can be found in [Table I](#tI-ijo-49-06-2265){ref-type="table"}.

Tumorsphere culture
-------------------

The ALDH^+^ and CD44^+^/CD24^+^ subpopulations of Panc-1, BxPC3, and HPAC pancreatic cancer cells were plated as single cells in ultra-low attachment 6-well plates (Corning, Lowell, MA, USA) at a density of 25,000 viable cells/well. Cells were grown in a serum-free mammary epithelial basal medium (MEBM) in a humidified incubator (5% CO~2~) at 37°C. On the second day after seeding, the ALDH^+^ cells were treated with 2.5--5 μM of LLL12, 2.5--5 μM of FLLL32, or 5--10 μM of Stattic. Tumorspheres were observed under microscope 21 to 28 days later. In order to compare tumorsphere-forming ability, ALDH^+^, CD44^+^/CD24^+^, ALDH^−^ and CD44^−^/CD24^−^ cells were plated as single cells in ultra-low attachment six-well plates at a density of 1,000 or 2,500 viable cells/well in triplicate in MEBM. Three to four weeks later, the content of all wells was collected, pooled, and transferred onto a collagen-coated 6-well dish in differentiating medium (DMEM+10% FBS). Tumorspheres adhered in these conditions in \~24 h, after which they were stained with crystal violet and counted under low magnification.

Results
=======

ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells expressed higher levels of phosphorylated STAT3 and greater tumorsphere-forming ability than ALDH^−^ and CD44^−^/CD24^−^ subpopulations
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To determine whether STAT3 is activated in pancreatic stem-like cancer cells, we separated ALDH^+^, ALDH^−^, CD44^+^/CD24^+^ and CD44^−^/CD24^−^ subpopulations from Panc-1, BxPC3, and HPAC pancreatic cancer cell lines by flow cytometry as previously described ([Fig. 1A and B](#f1-ijo-49-06-2265){ref-type="fig"}) ([@b19-ijo-49-06-2265]). ALDH^+^, CD44^+^, and CD24^+^ expressing subpopulations of pancreatic cancer cells have been reported to exhibit cancer stem-like cell properties ([@b3-ijo-49-06-2265],[@b4-ijo-49-06-2265]). To confirm the cancer stem-like cell properties of ALDH^+^ and CD44^+^/CD24^+^ subpopulations, we first compared the tumorsphere-forming ability of ALDH^+^ and CD44^+^/CD24^+^ subpopulations with ALDH^−^ and CD44^−^/CD24^−^ subpopulations. As shown in [Fig. 1C and D](#f1-ijo-49-06-2265){ref-type="fig"}, ALDH^+^ and CD44^+^/CD24^+^ cells of Panc-1, BxPC3, and HPAC all generated more tumorspheres than ALDH^−^ and CD44^−^/CD24^−^ cells. We thus demonstrated that ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells have an increased ability to form tumorspheres than ALDH^−^ and CD44^−^/CD24^−^ cells which suggests that these markers are exhibited by pancreatic stem-like cancer cells.

To determine the expression of activated P-STAT3 in pancreatic stem-like cancer cells, we separated the ALDH^+^ and CD44^+^/CD24^+^ subpopulations from the ALDH^−^ and CD44^−^/CD24^−^ subpopulations of three pancreatic cancer cell lines, Panc-1, BxPC3, and HPAC, and detected the level of P-STAT3 by western blot analysis. Our results showed that ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells expressed higher levels of P-STAT3 (Y705) compared to ALDH^−^ ([Fig. 2A](#f2-ijo-49-06-2265){ref-type="fig"}) and CD44^−^/CD24^−^ subpopulations ([Fig. 2B](#f2-ijo-49-06-2265){ref-type="fig"}). Phosphorylation of tyrosine residue 705 (Y705) is important for the activation of STAT3 ([@b22-ijo-49-06-2265]). In contrast to the differences in STAT3 phosphorylation, the phosphorylation of P-ERK1/2 (T202/Y204) in the ALDH^+^ and ALDH^−^ subpopulation were relatively similar in the three cell lines ([Fig. 2A](#f2-ijo-49-06-2265){ref-type="fig"}). The phosphorylation of P-ERK1/2 (T202/Y204) in the CD44^+^/CD24^+^ and CD44^−^/CD24^−^ subpopulations were also similar in all three cell lines except HPAC ([Fig. 2B](#f2-ijo-49-06-2265){ref-type="fig"}). These results suggest that the STAT3 pathway plays an important role in pancreatic cancer stem-like cells and thus may serve as attractive pathway for targeting stem cell-like pancreatic cancer populations.

STAT3 inhibitors LLL12, FLLL32, and Stattic selectively inhibited STAT3 phosphorylation in ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells
----------------------------------------------------------------------------------------------------------------------------------------------------------------

To confirm the importance of STAT3 in pancreatic cancer stem-like cells, STAT3 inhibitors, Stattic, LLL12, and FLLL32 were used to target STAT3 in these cells. To confirm the inhibition of phosphorylated STAT3 by Stattic, LLL12, and FLLL32 in pancreatic cancer stem-like cells, we examined STAT3 phosphorylation at tyrosine residue 705 (Y705) in ALDH^+^ and CD44^+^/CD24^+^ pancreatic cancer cells using phospho-STAT3 (tyrosine 705) antibody. Our results demonstrated that LLL12 and FLLL32 significantly inhibited STAT3 phosphorylation at tyrosine residue 705 (Y705) in Panc-1 and HPAC human pancreatic cancer cell lines in both ALDH^+^ ([Fig. 3A](#f3-ijo-49-06-2265){ref-type="fig"}) and CD44^+^/CD24^+^ subpopulations ([Fig. 3B](#f3-ijo-49-06-2265){ref-type="fig"}). Stattic also inhibited STAT3 phosphorylation (Y705) in ALDH^+^ ([Fig. 3C](#f3-ijo-49-06-2265){ref-type="fig"}) and CD44^+^/CD24^+^ ([Fig. 3D](#f3-ijo-49-06-2265){ref-type="fig"}) subpopulations of Panc-1 and HPAC pancreatic cancer cell lines at a higher concentration (20 μM). LLL12, FLLL32, and Stattic selectively inhibited P-STAT3 as demonstrated by the lack of inhibition of P-ERK1/2 in both ALDH^+^ and CD44^+^/CD24^+^ subpopulations of Panc-1 and HPAC ([Fig. 3](#f3-ijo-49-06-2265){ref-type="fig"}).

STAT3 inhibitors LLL12, FLLL32, and Stattic inhibited STAT3 downstream targets in ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells
-------------------------------------------------------------------------------------------------------------------------------------------------------

The inhibition of STAT3 by LLL12 and FLLL32 also downregulated the expression of many known STAT3-regulated genes in ALDH^+^ ([Fig. 4A](#f4-ijo-49-06-2265){ref-type="fig"}) and CD44^+^/CD24^+^ ([Fig. 4B](#f4-ijo-49-06-2265){ref-type="fig"}) pancreatic cancer stem-like cells related to cancer cell proliferation, survival, and angiogenesis, such as Cyclin D, Survivin, and Bcl-XL. Furthermore, LLL12 and FLLL32 inhibited Notch1 and Notch3 expression in ALDH^+^ ([Fig. 4A](#f4-ijo-49-06-2265){ref-type="fig"}) and CD44^+^/CD24^+^ cells ([Fig. 4B](#f4-ijo-49-06-2265){ref-type="fig"}), which have recently been reported as putative STAT3 downstream target genes ([@b23-ijo-49-06-2265],[@b24-ijo-49-06-2265]). The Notch signaling pathway is known to be essential for normal stem cell self-renewal and differentiation in a variety of tissues, and is involved in the human cancer stem cell self-renewal capacity and tumorigenicity.

STAT3 inhibitors, LLL12, FLLL32, and Stattic, inhibited cell viability of ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells
-----------------------------------------------------------------------------------------------------------------------------------------------

We next examined the inhibitory effects of LLL12, FLLL32, and Stattic on cell viability in pancreatic cancer stem-like cells. Our results demonstrated that LLL12, FLLL32, and Stattic could inhibit cell viability of the ALDH^+^ ([Fig. 5A](#f5-ijo-49-06-2265){ref-type="fig"}) and CD44^+^/CD24^+^ ([Fig. 5B](#f5-ijo-49-06-2265){ref-type="fig"}) subpopulations from Panc-1, BxPC3, and HPAC pancreatic cancer stem-like cells, further supporting the idea that these subpopulations of pancreatic cancer cells are sensitive to STAT3 inhibitors, LLL12, FLLL32, and Stattic. LLL12 and FLLL32 were more potent than Stattic in inhibiting cell viability of the ALDH^+^ and CD44^+^/CD24^+^ subpopulations from Panc-1, BxPC3, and HPAC ([Fig. 5](#f5-ijo-49-06-2265){ref-type="fig"}).

STAT3 inhibitors, LLL12, FLLL32, and Stattic, inhibited tumorsphere forming capacity of ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells
-------------------------------------------------------------------------------------------------------------------------------------------------------------

We also examined the efficacy of LLL12, FLLL32 and Stattic in inhibiting the survival and proliferation of pancreatic cancer stem-like cells in anchorage-independent conditions and ability to form tumor-spheres. Our results demonstrated that LLL12 and FLLL32 can significantly inhibit tumorsphere forming capacity in the ALDH^+^ and CD44^+^/CD24^+^ subpopulations of Panc-1, BxPC3, and HPAC pancreatic cell lines ([Fig. 6A and B](#f6-ijo-49-06-2265){ref-type="fig"}). As previously demonstrated, Stattic was not as potent in inhibiting tumorsphere forming capacity as LLL12 and FLLL32 in the ALDH^+^ and CD44^+^/CD24^+^ subpopulations ([Fig. 6](#f6-ijo-49-06-2265){ref-type="fig"}). Thus, we demonstrated that pancreatic cancer stem-like cells in the ALDH^+^ and CD44^+^/CD24^+^ cells expressed an activated form of STAT3 and are sensitive to inhibition by STAT3 inhibitors LLL12, FLLL32 and Stattic. Our results also show that STAT3 inhibition by LLL12, FLLL32, and Stattic decreases cell viability and tumorsphere forming ability, which indicates that STAT3 is an important pathway in pancreatic stem-like cancer cells and thus may serve as an attractive target for therapeutic drugs.

Discussion
==========

Presently, the STAT3 pathway has been characterized in many cancers and the main effort to target constitutive STAT3 signaling is primarily on the bulk of cancer cells. No report has been published on the role of STAT3 in pancreatic stem-like cancer cells or on targeting the STAT3 pathway in these cells. Both CD44 and CD24, along with ALDH, have been used to isolate pancreatic cancer stem cells ([@b3-ijo-49-06-2265],[@b4-ijo-49-06-2265]). We utilized pancreatic stem cell markers, ALDH, CD44, and CD24, to demonstrate that both ALDH^+^ and CD44^+^/CD24^+^ subpopulations express higher levels of P-STAT3 (Y705) than ALDH^−^ and CD44^−^/CD24^−^ subpopulations suggesting that the phosphorylation of STAT3 plays a role in their survival and proliferation. ALDH^+^ and CD44^+^/CD24^+^ subpopulations also generated more tumorspheres than ALDH^−^ and CD44^−^/CD24^−^ subpopulations of pancreatic cancer cells. Taken together, these data suggest that the STAT3 pathway may provide an attractive target for therapeutic treatment in pancreatic stem-like cancer cells.

To explore the inhibition of STAT3 in pancreatic cancer stem-like cells, we examined the inhibitory effects of three STAT3 inhibitors, LLL12, FLLL32, and Stattic, on two subpopulations of pancreatic stem-like cancer cells. All three molecules inhibited the expression of P-STAT3 in ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells. In addition, LLL12, FLLL32, and Stattic were also effective in inhibiting cell viability and tumorsphere formation in both ALDH^+^ and CD44^+^/CD24^+^ subpopulations of cells. Although Stattic did inhibit cell viability and tumorsphere formation in pancreatic stem-like cancer cells, it was not as potent as either LLL12 or FLLL32. This observation is consistent with the weaker predictive binding affinity of Stattic to STAT3 than either LLL12 or FLLL32.

In conclusion, this study demonstrates that STAT3 is activated in pancreatic cancer stem-like cells and that constitutively activated STAT3 in these cells enhances proliferation and survival. Our results show that STAT3 inhibition by small molecules could inhibit tumor stem-like cell growth, cell viability, and tumorsphere formation. Targeting STAT3 may provide an effective method for depleting stem cell-like pancreatic cancer cells and thus an effective treatment for pancreatic cancer. Our study also demonstrated that both LLL12 and FLLL32 significantly inhibited STAT3 in pancreatic cancer stem-like cells and thus are promising drug candidates for targeting constitutive STAT3 expression in these cells.
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![Identification of ALDH^+^, ALDH^−^, CD44^+^/CD24^+^, and CD44^−^/CD24^−^ subpopulations of Panc-1, BxPC3, and HPAC pancreatic cancer cells by the AldeFluor kit or PE-CD24 and PE/Cy5-CD44 antibody, and separation by flow cytometry (A and B). Tumorsphere generation in ALDH^+^ (C) and CD44^+^/CD24^+^ (D) subpopulations of pancreatic cancer cells. ALDH^+^ and CD44^+^/CD24^+^ subpopulations generated more tumorspheres than ALDH^−^ and CD44^−^/CD24^−^ cells (^\*^P\<0.05 vs. ALDH^+^ or CD44^+^/CD24^+^ cells, tumorspheres were counted 3--4 weeks after the plating).](IJO-49-06-2265-g00){#f1-ijo-49-06-2265}

![P-STAT3 expression within ALDH^+/−^ and CD44^+/−^/CD24^+/−^ subpopulations of pancreatic cancer cells. ALDH^+^, CD44^+^/CD24^+^, ALDH^−^, and CD44^−^/CD24^−^ subpopulations were separated from Panc-1, BxPC3, and HPAC pancreatic cancer cells by flow cytometry. STAT3 phosphorylation was determined by western blot analysis. (A) ALDH^+^ human pancreatic cancer stem-like cells express higher levels of P-STAT3 than ALDH^−^ subpopulations. (B) CD44^+^/CD24^+^ human pancreatic cancer stem-like cells express higher levels of P-STAT3 than CD44^−^/CD24^−^ subpopulations.](IJO-49-06-2265-g01){#f2-ijo-49-06-2265}

![STAT3 inhibitor-mediated inhibition of STAT3 phosphorylation in ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells. ALDH^+^ and CD44^+^/CD24^+^ subpopulations were separated from Panc-1 and HPAC pancreatic cancer cells by flow cytometry. ALDH^+^ and CD44^+^/CD24^+^ subpopulations of Panc-1 and HPAC were treated with LLL12, FLLL32, or Stattic for 24 h and STAT3 phosphorylation was determined by western blot analysis. STAT3 inhibitors, LLL12 and FLLL32, inhibited STAT3 phosphorylation in ALDH^+^ (A) and CD44^+^/CD24^+^ (B) pancreatic stem-like cancer cells. STAT3 inhibitor, Stattic, inhibited STAT3 phosphorylation in ALDH^+^ (C) and CD44^+^/CD24^+^ (D) pancreatic cancer stem-like cells.](IJO-49-06-2265-g02){#f3-ijo-49-06-2265}

![Downregulation of STAT3-regulated genes via inhibition of STAT3 by LLL12 and FLLL32. ALDH^+^ and CD44^+^/CD24^+^ subpopulations were separated from Panc-1 and HPAC pancreatic cancer cells by flow cytometry. ALDH^+^ and CD44^+^/CD24^+^ subpopulations of Panc-1 and HPAC pancreatic cancer cells were treated with LLL12 (5 μM), FLLL32 (5 μM), or DMSO for 24 h. RNA was collected and gene expression was detected by RT-PCR.](IJO-49-06-2265-g03){#f4-ijo-49-06-2265}

![STAT3 inhibitor-mediated inhibition of cell viability in ALDH^+^ and CD44^+^/CD24^+^ subpopulations of pancreatic cancer cells. Panc-1, BxPC3, and HPAC ALDH^+^ (A) and CD44^+^/CD24^+^ (B) subpopulations were seeded at 3,000 cells/well and exposed to the indicated concentrations of LLL12, FLLL32, or Stattic for 72 h. MTT dye was added for 4 h and the absorbance was read at 595 nm. The viability of DMSO treated cells was set at 100%.](IJO-49-06-2265-g04){#f5-ijo-49-06-2265}

![LLL12, FLLL32 and Stattic-mediated inhibition of tumorsphere formation of CD44^+^/CD24^+^ (A) and ALDH^+^ (B) subpopulations of pancreatic cancer cells. ALDH^+^ and CD44^+^/CD24^+^ cells were plated as single cells in ultra-low attachment six-well plates at 25,000 cells/well). On the second day, the ALDH^+^ and CD44^+^/CD24^+^ cancer cells were treated with 2.5--10 μmol/l of LLL12, FLLL32, or Stattic. Tumorspheres were observed under a microscope 3--4 weeks later.](IJO-49-06-2265-g05){#f6-ijo-49-06-2265}

###### 

Primer sequences and source information of STAT3 downstream target genes.

  ----------------------------------------------------------------------------------------------------------
  Gene        Primers                                Size   Source
  ----------- -------------------------------------- ------ ------------------------------------------------
  Cyclin D1   Forward: 5′-GCTGGAGCCCGTGAAAAAGA-3′\   247    ([@b25-ijo-49-06-2265])
              Reverse: 5′-CTCCGCCTCTGGCATTTTG-3′            

  Survivin    Forward: 5′-ACCAGGTGAGAAGTGAGGGA-3′\   309    ([@b26-ijo-49-06-2265])
              Reverse: 5′-AACAGTAGAGGAGCCAGGGA-3′           

  Bcl-Xl      Forward: 5′-TTGGACAATGGACTGGTTGA-3′\   765    ([@b27-ijo-49-06-2265])
              Reverse: 5′-GTAGAGTGGATGGTCAGTG-3′            

  Notch1      Forward: 5′-CAACATCCAGGACAACATGG-3′\   229    [a](#tfn1-ijo-49-06-2265){ref-type="table-fn"}
              Reverse: 5′-GGACTTGCCCAGGTCATCTA-3′           

  Notch3      Forward: 5′-TGTCTTGCTGCTGGTCATTC-3′\   413    [a](#tfn1-ijo-49-06-2265){ref-type="table-fn"}
              Reverse: 5′-CATCTGGGCCACGCACATT-3′            
  ----------------------------------------------------------------------------------------------------------

Source unknown or designed with Primer 3 web application.
